Rapid plasticity at inhibitory and excitatory synapses in the hippocampus induced by ictal epileptiform discharges.
Epileptic seizures can induce pathological processes of plasticity in the brain that tend to promote the generation of further seizures. However, the immediate impact of epileptic seizures on cellular excitability remains poorly understood. In order to unravel such early mechanisms of epilepsy-induced plasticity, we studied synaptic transmission before and shortly after three ictal discharges induced by transient elevation of extracellular K(+) in mouse hippocampal slices. Discharges were initiated in the CA3 region and propagated via the Schaffer collaterals into CA1 where they were associated with sustained membrane depolarization and bursts of action potentials in CA1 pyramidal cells. Subsequently, discharges were followed by long-term potentiation (LTP) of Schaffer collateral-evoked field excitatory post-synaptic potentials (EPSPs) in the CA1. The ability to generate epileptiform activity in response to repetitive stimulation was enhanced during LTP. Changes in both inhibitory and excitatory synaptic transmission contributed to LTP in CA1 pyramidal cells. Discharges reduced gamma-aminobutyric acid-A receptor-mediated hyperpolarizing inhibitory post-synaptic potentials by shifting their reversal potentials in a positive direction. At the same time, the amplitudes of Schaffer collateral-evoked RS-alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor-mediated EPSPs and action potential-independent miniature EPSPs were enhanced. However, N-methyl-d-aspartate receptor-mediated EPSPs remained unchanged. Paired-pulse stimulation revealed a reduced probability of glutamate release. Together, these changes in synaptic transmission produce a sustained increase in hippocampal excitability. We conclude that a few seizure-like ictal episodes are sufficient to cause fast and lasting changes in the excitation/inhibition balance in hippocampal networks, and therefore may contribute to early phases of progressive epileptogenesis.